First row d-block

electronic structure

Table 18.1
The electron structures of atoms and ions of the elements K to 2n ((Ar) =electron structure of argon)

potassium K (Ar)4s' K* (A1)
calcium Ca a (Ar)4s® ca® (An)
scandium Sc (A)3d 4s° Sc* (Ar)
titanium T (An3d’4s® Ti** ) (An)
vanadium 1 (Ar)3d’4s® v ' (Ary3d®
chromium Cr (Ar)3d’4s’ cr (Ar)3d’
manganese Mn (Ar)3d’4s’ Mn?** (An3d®
iron Fe (An3d°4s® Fe?* _ (An3d°
h Fe** (Ar)3d®
cobalt Co (AN)3d’ 4s? Co?* (An)3d’
nickel Ni -7 (A4St : NiZ* (An)3d®
copper Cu (Ar)3d™%4s" Cu* (Ar)32!m
\ (T (A3d®
zinc Zn (Ar)3d'%s" In* (An)3d"

physical properties K to Zn

s-block metals : transition metals

Atomic radius/nm 0.20 0.16 .
Melting point/°€ 64 850 1540 1680 1900 1890

420

Boiling point/°C 770 1490 2730 3260 3400 2480 910
Density/g cm™ 0.86 1.54 3.0 4.5 61 7.2 7.1
Ionicradius/nm

Mt 0.130 Y

M2 0.094 0,090  0.088 0.084 0,080 0.076 0.074 0.072 0.070 0.074
M3+ 0.081  0.076 0.074 0.069 0.066 0.064 0.063 0.062

Table 18.3

Physical properties of the elements K to Zn



electronic structure

Figure 18,2

The ‘electrons-in-boxes’ representation of
the electron structures of certain transition
metals,

Figure 18.%

Relative energy levels of the 3, 3p, 34, 4s
and 4p orbitals.
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Figure 18.8

Electron structures of manganese, iron and
some of their respective ions.
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variable oxidation states

Figure 18.5

Commen
oxides

Common
chlorides

Oxidation
numbers
that occur
in
compounds

Oxidation states of the elements Sc to Zn,
(Common oxidation numbers are in bold

print.)
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Table 18.2

Electronegativities, ionisation energies and electrode potentials for the elements Sc to Zn

Electronegativity

First ionisation energy/kJ mol™
Second fonisation energy/kJ mol™!
Third ionisation energy/kl mot™

Flectrode potential for
M (aq) + 2¢” — M(s)/V
Electrode potential for
M** (aq) +3e” — M(s)/V

1.2
+630
+1240
+2390

Ti

Ti,0;
Ti0,

Ticly
Ticl,

Lo N

1.3
+660

+1310
+2650

Va04
V,05

Vel

1.45
+650
+1410
+2870

-1.20

-0.86

cru

Cr203
Cf03

CTctg
CrCls

1.55
+650
+1590
+2990

-0.91

-0.74

Mn

MnQ
MHOE
Mrle?

Mﬂclz
MnCly

PN

Ny w

1.6
+720
+1510
+3260

-1.19

-0.28

Fe

FeQ
FEzoa

FQCI.Z

Fe,Clg

(%3]

N W o

1.65
+760
+1560
+2960

-0.44

-0.04

Co

Co0
C0203

Cotl,

[5)]

NN 2~

1.7
+760
+1640
+3230

-0.28

+0,40

Ni

Ni0

NiCt,

1.75
+740
+1750
+3390

-0.25

Cu

CU20
Cud

cuct
CuCl,

1.75
+750
+1960
+3560

+0.34

n

IZnQ

2l

1.6
+910
+1700
+3800

-0.76
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coloured compounds: field splitting
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gaseous Ti** ion ground state (stable state) excited state of Ti(11I)
Figure 18,12 - ‘ _ of Ti(III) in octahedral in octahedral
Relative energy tevels for the five 3d orbitals [Ti(H,0)613* [Ti(H,00413*

of the gaseous and hydrated Ti**jon.
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(a) Hexacyanoferrate(II) ion

(b) Hexaaquairon(I1l} ion
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Complex ions: more examples
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Why do most complex ions have a colour?

Ligands cause field-splitting in the 3d orbitals.
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N _ light | AE
.. | average energy hv
2 | of 3d orbitals in _
2 | [Ti(H )6 if } o
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ground state excited state
3d level split

Tr;e relative energies for the five 3d orbitals of the hydrated ion
L

The frequency of the light absorbed by the electron corresponds
to the energy needed for the transition of an electron from a lower
energy d orbital to a higher energy d orbital.

The frequency of the light absorbed depends on the energy
difference between the two energy levels, AE (=hv). For most
transition block metals the size of AE is such that the light
absorbed fall in the visible light spectrum.

The absorption spectrum of the hydrated Ti®* ion.
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The nature of the ligand effects the colour of a
complex.

For example in the Cu®* complex, the NH; ligand causes a larger
difference than the H,O ligand which is why more light of a lower
wavelength (higher energy) is absorbed.
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Reactants get
adsorbed onto
calalyst surface.
Bonds are weakened

<=

Second bond
forms, and product
diffuses away from
catalyst surface,
leaving it free to
adsorb fresh
reactants.

Figura. I8 An example of heterogeneous
catalysis. The diagrams show a possible
mecharnism for nickel catalysing the reaction
between ethene and hydrogen to form ethane,
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The four main steps in the catalytic
hydrogenation of ethene: {a) Hydrogen
atorns adsorb onto the surface; as does
an ethene molecule. (b} Ethene reacts
with a hydrogen atom; the radical
"‘CH;—CH, forms and attaches to the
surface by means of the unpaired
electron. fc) The radical reacts with
another hydrogen atom to form
CH;—CH,, which desorbs from the
surface {d).

Surface of
catalyst

The reaction mechanism for the catalytic reduction of nitrogen by hydrogen on an
iron surface. This diagram shows the three stages: (a) inward diffusion of reactants
and (b} attachment to the catalyst surface; followed by reaction to form products; and
{c) outward diffusion of products.



